7 1011131517-24 and there have been only two reports on the occurrence of paraproteinaemia in patients presenting with neurological disorders.2' 25 We have investigated a group of patients referred to a specialist neurological centre who were found on routine clinical laboratory testing to have paraproteinaemia.
Patients and methods
The clinical material consisted of patients of the National Hospitals for Nervous Diseases at Queen Square and Maida Vale in whose serum a paraprotein was detected on routine serum protein electrophoresis in agarose, performed as part of a liver function test profile. The period of study was from July 1975 to December 1978. Routine laboratory investigations were carried out in the clinical pathology laboratories at the National Hospital, Queen Square; additional investigations of para-Received for publication 22 November 1979 proteinaemia followed the scheme suggested by Kohn.26 As it is a specialist referral centre, a number of the National Hospital's patients is drawn from remote areas and other countries, thus it was not always possible for patients to re-attend for investigation. In some of these cases, follow-up samples of serum and urine were received from other hospitals in the United Kingdom. When possible, follow-up tests were done initially after six months and then annually.
Paraprotein typing was carried out either by immunoelectrophoresis in agar gel or latterly by immunofixation electrophoresis on cellulose acetate membrane.27 Paraproteinconcentration was measured by densitometry of Ponceau-S stained cellulose acetate electrophoretograms. Bence-Jones protein, if present, was detected by electrophoresis on cellulose acetate of unconcentrated and concentrated urine and confirmed immunochemically. Serum immunoglobulin levels of classes other than the paraprotein were measured by automated immunoprecipitation.
During the period of study, electrophoresis was carried out on approximately 14 000 sera. Fiftyeight cases of paraproteinaemia were detected which did not fulfil recognised criteria for the diagnosis of multiple myeloma or Waldenstrom's macroglobulinaemia at the time of presentation,12 26 28 giving an incidence of this type of paraproteinaemia in the population studied of approximately 0-4y%. Two of these patients were subsequently found to have solitary plasmacytomas. A further 10 patients with paraproteinaemia presented with an established diagnosis of myeloma or Waldenstrom's macroglo-617 bulinaemia. These 12 patients will not be considered further.
The modes of presentation of the remaining 56 patients without evidence of immunocytoma, here designated as 'benign' paraproteinaemia, are listed in Table 1 . The 16 patients with neuropathies fell into two groups: group 1 consisted of nine patients with idiopathic peripheral neuropathy and very slow nerve conduction velocities; group 2 comprised seven patients with less uniform electrophysiological findings and other conditions known to be associated with peripheral neuropathy. Detailed studies of these patients will be presented elsewhere (Smith, Eames and Kahn, unpublished). There was no evidence to suggest an unusual distribution of paraproteins with respect to age or sex.
A history of malignant disease was obtained in four patients from group 3. All of these were female and had been treated for breast carcinoma nine months, 10 years, 13 years, and 23 years before neurological presentation. None had any evidence of recurrence.
Ten patients died, five during or shortly after initial hospitalisation. Postmortem examination was performed in only four patients and revealed no evidence of immunocytic dyscrasia.
Thirty-two patients were followed for more than 12 months (range 14-48, mean 28-4, months). The paraprotein concentration rose significantly in one patient, otherwise well, over a 22-month period. There were no significant changes in laboratory results in any of the remaining 24 patients, except that in three cases the paraprotein appeared to be transient.
Results

CLINICAL LABORATORY INVESTIGATIONS
No relevant abnormalities were found on routine clinical laboratory investigations.
Twenty-six sternal bone marrows were examined, of which 17 were entirely normal. Four patients with neuropathy had relative increases in lymphocytes ranging from 15 to 26% of total nucleated cells. One patient in group 1 with 20% marrow plasmacytosis and tetrameric Bence-Jones proteinaemia without evidence of malignancy to date is the subject of a separate report (Kahn, Riches, and Turner, unpublished). Five patients in group 3 had relative increases in bone marrow lymphocytes ranging from 20 to 45 % of total nucleated cells. The bone marrow histology was not thought to be typical of immunocytic dyscrasia in any patient.
Full skeletal survey was performed in 23 patients and partial surveys in a further 10. Eight patients had chest and skull films only, two chest only, two skull only, and one spine only. Ten patients had no x-ray studies. None of the films suggested the presence of myelomatous deposits.
PARAPROTEIN STUDIES
The paraprotein concentration reached 15 g/l in only one patient with neuropathy. Two patients in group 3 had IgG kappa paraproteins of 35 and 37 g/l. Both had normal skeletal surveys, and one a normal bone marrow but a trace of monoclonal free light chains in the urine. The other had a bone marrow containing 20% lymphocytes and 6% plasma cells but no free light chains in the urine.
Levels of polyclonal immunoglobulins were normal except in two patients with marginally decreased IgG. In addition, a further 11 patients had marginally low levels of IgA or IgM, which were not considered significantly abnormal.
Traces of free light chains (< 0-2 g/l) were consistently present in the urine of six patients.
The immunoglobulin class distribution of the paraproteins is correlated with the three diagnostic categories in Table 2 . There is a significantly higher incidence of IgM paraproteinaemias in group I compared with groups 2 and 3 (P < 0-01, Fisher's exact test).
Multiband paraproteinaemia29 was detected in six patients ( Table 2 ).
The overall distribution of light chain types gives a kappa: lambda ratio of 1I7; however, all the paraproteins were of kappa type in group 1.
Discussion
There has been only one report on the incidence of (6) progressive increase in the paraprotein concentration.28 In the absence of signs of overt malignancy, this last criterion is probably the most useful diagnostically12 30 since there appears to be no biochemical, immunological, or histochemical way of differentiating benign from malignant conditions.31 The occurrence of a malignant evolution at any stage cannot be ruled out. In the present study patients fulfilling the criteria listed above have been designated as 'benign', although prolonged follow-up may alter this classification. Benign paraproteinaemia has been reported in healthy people and in patients suffering from a variety of diseases. Some authors have reported associations with non-reticular neoplasia, cardiovascular disease, infections (acute and chronic), gastrointestinal disease (including disorders of the biliary tract), and certain autoimmune disorders.7 9-11 13-15 17-19 22 23 32 In view of the age-related incidence of both benign and malignant paraproteinaemia,81733 it is perhaps not surprising that some of the commoner 'associations' include cardiovascular disease and non-reticular neoplasms, and it is probable that in these cases there may be no connection between these conditions. Some of the other frequent associations (lymphoreticular neoplasia, autoimmune disorders, and infective states) may be relevant to the production of monoclonal immunoglobulins.
The overall incidence of benign paraproteinaemia in approximately 04% of our hospital population may reflect the age distribution within that population. However, there is an unusually high incidence of patients with peripheral neuropathy, which occurred in approximately 28 % of those with paraproteinaemia. The frequency distribution of the paraprotein immunoglobulin classes listed in Table  2 shows that the overall incidence of IgM paraproteins is higher, and of IgA lower, than in most previously published series (Table 3 ). There is a still more marked disproportion of IgM paraproteins in those patients with the demyelinating type of peripheral neuropathy (78%) compared with other types of neuropathy (25%) and other neurological disorders (19 %) . The distribution of light chain types did not reveal any imbalance when considered in relation to heavy chain class.
Matzke et al.2' presented data on five patients
with apparently 'benign' paraproteinaemia. One of these, described as a 'transitional form between Waldenstrom's macroglobulinaemia and chronic lymphocytic leukaemia', but without any evidence for this diagnosis, presented with an idiopathic peripheral neuropathy. Massey In an electrophoretic study of serum proteins in 116 patients with neuropathies of different types, including 33 patients with idiopathic neuropathies, Nusselt et al. 39 found no significant gamma-globulin abnormalities. This finding may suggest that the association between 'benign' paraproteinaemia and neuropathy is uncommon. An alternative explanation is that their use of agar gel as the electrophoretic medium may have failed to demonstrate the presence of small paraprotein bands, as Link40 has shown.
Indirect immunofluorescence testing has indicated the presence of high-titre monoclonal IgM kappa antibodies which bind to heterologous myelin in the sera of the group 1 patients with IgM paraproteinaemia. Direct immunofluorescence studies of biopsied peripheral nerve from some of the same patients have demonstrated monoclonal IgM kappa attached to myelin sheaths. These results will be presented elsewhere (Kahn, Lacey, and Whybrew, unpublished). In the light of the findings presented in this paper and the results of the immunofluorescent studies, we conclude that the association between a specific type of peripheral neuropathy and a definite immunological abnormality is such as to suggest a remarkable autoimmune neuropathy.
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